Number of supporting information: Five figures and six tables. • In ferns, the temperate-tropical sister clades Athyrium and Diplazium present an 3 6 opportunity to study a latitudinal contrast in diversification dynamics. 3 7
•
We generated a taxonomically expanded molecular chronogram and used 3 8 macroevolutionary models to analyze how diversification rates have changed through 3 9 time, across lineages, and in concert with changes in elevation and ploidy. We tested a 4 0 novel model of cladogenetic state-change in which polyploidy can arise as an 4 1 infraspecific polymorphism, with diversification parameters distinct from those of 4 2 pure diploids and polyploids. Miocene transition. In Diplazium, the rate shift is older, with subsequent net 4 5 diversification somewhat slower and suggestive of diversity-dependence. In Athyrium, 4 6 diversification is faster and associated with higher elevations. In both clades, 4 7
polyploids have the highest rate of net accumulation but lowest (negative) net 4 8 diversification, while the converse is true for polymorphic species; diploids have low 4origination, interpreted as reflecting opportunistic niche-filling, and extinction driven 1 0 0 by environmental change (Lehtonen et al., 2017) . For example, in Polypodiaceae, 1 0 1 faster diversification is correlated with changes in elevation, a proxy for habitat type, 1 0 2 suggesting that niche shifts drive lineage proliferation (Sundue et al., 2015) . In addition, we tested for a direct effect of elevation using the quantitative-state 2 3 3 speciation-extinction (QuaSSE) model (FitzJohn, 2010) . We considered seven 2 3 4 candidate relationships between elevation (log-transformed) and
and independent of elevation; 2) linear; 3) sigmoid; 4) unimodal, represented by a 2 3 6 vertically offset Gaussian function; and another three models (linear, sigmoid, and 2 3 7 unimodal) with a directional tendency (Table S4) . We ran each model on the entire 2 3 8 ingroup clade as well as separately on Athyrium and Diplazium using DIVERSITREE 2 3 9 0.9-10 (FitzJohn, 2012). We compared models using the Akaike information criterion
To explore the effect of ploidy on diversification we used the cladogenetic state 2 4 2 change speciation-extinction (ClaSSE) model (Goldberg & Igíc, 2012 Athyrium and 2n = 82 for Diplazium as diploid. All other species data were multiples 2 4 6 of these numbers (e.g. 2n = 160, 2n = 123, 2n = 164, 2n = 205, 2n = 246, 2n = 328) 2 4 7 and were thus scored as polyploids (Table S3) After some preliminary analyses, we settled on six candidate models: 1) a full model 2 5 4 with all 13 free parameters; 2) a null model with three parameters, in which 2 5 5 diversification is state-independent and anagenetic change is symmetric; 3) a 2 5 6 'cladogenetic' model with 11 parameters and a single rate of anagenetic change; 4) an 2 5 7 'anagenetic' model with five parameters and a single rate for all speciation and 2 5 8 extinction events; 5) an 'extinction' model with five parameters and 1 rate each for 2 5 9 speciation and anagenetic change; and 6) a 'cladogenetic-anagenetic' model with 11 2 6 0 parameters, and a single rate for extinction ( Fig. 1 ; Table S5 ). Models were run on the 2 6 1 whole ingroup clade and separately on each genus, and compared using AIC. Parameters of the best-fit models were estimated using MCMC for 100,000 NA, and performed model selection using the candidate pool as described above. We 2 6 9 also compared the parameters estimated from the impoverished data to their 2 7 0 simulation values. All procedures were carried out using DIVERSITREE 0.9-10. implemented in RASP 4.0 (Yu et al., 2015) . To shorten the calculation time, we used 2 7 6 the 'Auto_run' option, which automatically optimized all the parameters for 2 7 7 chromosome evolution models, including rates of single ascending dysploidy (γ), 2 7 8 descending dysploidy (δ), whole-genome duplication (ρ) and demi-polyploidy (μ d ). After model optimization, 10,000 simulations were performed using both maximum 2 8 0 likelihood and Bayesian approaches to summary the final reconstruction result. The BAMM analysis indicated significant increases in net diversification rate in both 2 9 6
Athyrium and Diplazium (Figs 2a and S2; shift was inferred at 23.43 Myr (Fig. 2a) . Rates-through-time (RTT) plots revealed 3 0 0 contrasting diversification dynamics between Athyrium and Diplazium following their 3 0 1 initial shifts (Fig. 2b) . In Athyrium, the net diversification rate increased continuously, 3 0 2 while in Diplazium the rate plateaued to a level about half that of Athyrium at the 3 0 3 present.
Diversification is associated with elevation itself but not its evolutionary rate. The 3 0 5 PGLS regression of the rate of change in elevation on net diversification was 3 0 6 nonsignificant (r 2 = 0.286, P = 0.379). By contrast, the best-fit QuaSSE model (wi = 3 0 7 0.88; elevation, and the curve closely matches the frequency distribution of species by 3 1 4 elevation, while in Athyrium the peak is higher in rate and elevation, and the curve is 3 1 5
shifted right relative to the species' frequency distribution (Fig. 3) . The best-fit model 3 1 6
for Athyrium includes a negatively valued directional tendency parameter, but the one 3 1 7
for Diplazium does not (Table 1) .
Our ClaSSE analyses yielded strong support for ploidy-dependent diversification 3 1 9 dynamics. The 'cladogenetic' model, with 10 free parameters for speciation and 3 2 0 extinction but no differences in q was selected by AIC ( Fig. 4a ,b,c,d; polymorphic species ( Fig. 4a,d ; Table 2 ). Extinction rates are low for diploid and 3 2 5 polymorphic species but high for polyploids (Fig. 4c) ; as a result, the net 3 2 6 diversification rate of the polymorphic state is the highest, the rate for diploids is 3 2 7 lower but positive, and the rate for polyploids is lowest and slightly negative (Fig. 4e) .
However, the net accumulation rate of polyploids is highest, followed by diploids and 3 2 9 polymorphic species (Fig. 4f) . In our simulation analysis of the effect of missing data 3 3 0 on model selection, 93% of replicates recovered the correct cladogenetic model ( Diplazium suggests that the clade is closer to ecological saturation than Athyrium, in 3 5 6 which the upward trend in rate suggests a clade in the early stages of rapid growth, 3 5 7
further from equilibrium (Fig. 2b) . These dynamics are consistent with the idea that 3 5 8 species diversity is predicted by area, and other proxies for carrying capacity, 3 5 9 integrated over time (Fine & Ree, 2006; Jetz & Fine, 2012) . In addition, the relatively 3 6 0 high turnover rate μ /λ in Athyrium (Fig. S5 ) may be due to more severe climatic 3 6 1 oscillations in the temperate zone than in the comparatively stable tropics over the 3 6 2 past 20 Myr or so (Tiffney & Manchester, 2001; Morley, 2003) , consistent with the 3 6 3 latitudinal gradient in turnover found in previous studies (Jablonski et al., 2006; Weir 3 6 4 & Schluter, 2007; but see Rabosky et al., 2015) . This high rate of species turnover, in 3 6 5 turn, suggests a rapid species replacement through non-adaptive evolution in 3 6 6
Athyrium (Rundell & Price, 2009 Additional support for the idea that diversification dynamics in Diplazium are 3 6 8
closer to an equilibrium state than Athyrium is provided by our QuaSSE analysis of 3 6 9 elevation. In Diplazium the inferred response of speciation rate to elevation closely 3 7 0 matches the frequency distribution of species along elevation (also is reflected by a 3 7 1 low negative directional tendency; Athyrium the rate curve is right-shifted: speciation is fastest at elevations higher than 3 7 3 the peak of species richness (Fig. 3) . The relative lack of high-elevation species of 3 7 4
Athyrium could be explained partly by the inferred negative directional tendency in 3 7 5 the model -i.e. species originated at high elevations but evolved anagenetically 3 7 6 toward lower elevations -but it seems more plausible that Athyrium has simply 3 7 7 colonized mountains too recently for the number of high-elevation species to reach 3 7 8 equilibrium. We would expect such a lag time to be lengthened by the relatively high 3 7 9 extinction rate inferred for Athyrium versus Diplazium (Table 1) .
Our analyses of elevation stand in contrast to those in the epiphytic fern family 3 8 1
Polypodiaceae, in which faster diversification was positively correlated with the rate 3 8 2 of change in elevation, not elevation itself, suggesting a process of adaptive 3 8 3 divergence and niche-filling along elevation gradients (Sundue et al., 2015) . We were 3 8 4 unable to replicate this result from our data, possibly because of insufficiently dense 3 8 5 taxon sampling. Nevertheless, our results suggest that diversification is accelerated by 3 8 6 occurring in mountains, especially for Athyrium. However, it is worth noting that even 3 8 7
within Diplazium, the highest net diversification was inferred in the lone Andean 3 8 8 clade (Fig. 2a) that the evolution of traits such as growth form, leaf size, pollination syndromes, and 3 9 5 metabolic pathways may be linked to faster diversification in mountains where 3 9 6 seasonally cold and arid habitats are dominant (Arakaki et al., 2011; Drummond et al., 3 9 7 2012; Roquet et al., 2013; Schwery et al., 2015; Lagomarsino et al., 2016 contribute to diversification dynamics at a macroevolutionary scale, and so it seems 4 2 6 noteworthy to find that despite occurring at low frequency, their net diversification 4 2 7 rates are in fact higher than pure diploids or polyploids. This is largely driven by λ 113 , 4 2 8 the rate at which a polymorphic ancestor splits into polymorphic and polyploid 4 2 9 descendants (Fig 4a) Red, the rate across the phylogeny ('background rate'); blue, the rate of Athyrium 8 2 3
clade; green, the rate of Diplazium clade. QuaSSE analysis, with comparison to the elevational species richness histograms of 8 2 7
the Athyrium clade, the Diplazium clade and the whole phylogeny, respectively. Red, 8 2 8 the rate across the phylogeny; blue, the rate of Athyrium clade; green, the rate of 8 2 9
Diplazium clade. The transition rate of all anagenetic change (equal The net accumulation rates of ploidy in cladogenetic speciation. 
